nutrition, inflammation, coronary artery calcium (CAC), and mineral disarrays, specifically elevated levels of phosphorus and calcium-phosphorus product (Ca ! P) [5] [6] [7] . Limited data is available regarding CAC effect on mortality in subjects with end-stage renal disease.
Nonenhanced computed tomography (CT) enables the quantification of vascular calcification including the coronary arteries. A recent study in some 25,000 asymptomatic persons in the general population showed that CAC provided independent prediction of all-cause mortality beyond traditional risk factors [8] . CAC has proven to be a strong predictor of coronary heart disease among major racial and ethnic groups [9, 10] . In maintenance hemodialysis (MHD) patients, extent and prevalence of vascular calcification may be predictors of cardiovascular disease and all-cause mortality [11] [12] [13] [14] . Block et al. [14] specifically showed, among 127 new to MHD patients, that baseline CAC was a significant predictor of mortality after adjustment for age, gender, race, and DM (p = 0.002). In the Treat to Goal study by Chertow et al. [15] , in which 200 MHD patients were randomized to either sevelamer or a calcium-based phosphate binder (CBPB), median CAC increased significantly in the CBPB group. Furthermore, Block et al. [14] showed that patients on CBPB entailed a greater risk of death, suggesting that treatment with a CBPB may contribute to the vascular calcification burden.
Considering the above-mentioned associations, we hypothesized that both total and potentially vessel-specific CAC scores proportionally predict all-cause mortality independent of both traditional and nontraditional risk factors, including mineral metabolism, inflammatory markers, and CBPB use, in MHD patients. We analyzed a cohort of MHD patients from the prospective Nutritional and Inflammatory Evaluation of Dialysis Patients (NIED) Study who underwent cardiac CT and assessed all-cause mortality in relation to baseline cardiac CT scan, comparing four groups defined as CAC 0, CAC 1-100, CAC 101-400, and CAC 400+ and further comparing CAC scores of all epicardial coronary arteries.
Patients and Methods

Patients
Patients who participated in the cardiac arm (those who underwent cardiac CT) of the NIED study from October 1, 2001 to September 30, 2006, and whose mortality was followed up to September 30, 2007 were included in this analysis. The NIED study (www.NIEDstudy.org) was a prospective cohort study designed to determine whether nutritional and inflammatory states in a MHD patient population affect mortality, morbidity, and other clinical outcomes. Patients who were included in the NIED study were 18 years or older and signed a written consent [16] . Patients with malignancy or other terminal diseases with less than a 6-month life expectancy were excluded. The subjects were all receiving thrice weekly MHD via high-flux dialyzers, and their dialysis membranes were routinely reused. New subjects were recruited semiannually and followed with repeated measures for up to 5 years or 10 semiannual rounds, with each round consisting of a semiannual assessment of malnutrition and inflammatory variables including biochemical markers, anthropometric measurements, hospitalization rates, and mortality. Medical chart review, including comorbidities, traditional cardiac risk factors, and outpatient medication usage were performed on all new recruits and then on a yearly basis thereafter. A modified version of the Charlson Comorbidity Index, without the age and kidney disease components, was used to assess the severity of comorbidities [17, 18] .
Assessment of the subject's use of phosphate binders, HMGCoA reductase inhibitors (statins), and typical demographics were also obtained. All subjects underwent medical chart review by a physician. CBPB included calcium carbonate (Tums , GlaxoSmithKline, Waltham, Mass., USA), calcium acetate (PhosLo 667-mg tablets; Braintree Pharmaceuticals, Inc., Braintree, Mass., USA) and other forms of calcium-based binders. The noncalcium-based binder included only sevelamer hydrochloride (Renagel 400-and 800-mg tablets; GelTex Pharmaceuticals, Waltham, Mass., USA).
Dialysis and Laboratory Data
The Kt/V was used to represent the weekly dialysis dose of each subject. Dialysis vintage time was calculated based on the time between first dialysis date and CT scan date. Serum levels of calcium, phosphorus, intact parathyroid hormone, and albumin were obtained through routine laboratory measurements performed by DaVita Laboratories (Deland, Fla., USA) using automated methods. Averaged values for each of the noted tests within a 13-week period were used to define the laboratory values of a particular study round. The averaged laboratory value for the particular study round that coincided closest to each subject's CT date was used for the data analysis in this study.
Study-Specific Laboratory Tests
Serum high-sensitivity C-reactive protein, two proinflammatory cytokines, interleukin-6 (IL-6) and tumor necrosis factor-␣ (TNF-␣ ), serum total cholesterol, LDL-C, HDL-C, as well as homocysteine levels were measured from fasting samples in all patients. The high-sensitivity C-reactive protein was measured by a turbidometric immunoassay where a serum sample is mixed with latex beads coated with anti-human CRP antibodies forming an insoluble aggregate (WPCI, Osaka, Japan; mg/l, normal range ! 3.0 mg/l) [19] . High sensitivity IL-6 and TNF-␣ immunoassay kits based on a solid-phase sandwich enzyme-linked immunosorbent assay (ELISA) using recombinant human IL-6 and TNF-␣ were used to measure the serum proinflammatory cytokines (R&D Systems, Minneapolis, Minn., USA; normal range IL-6, ! 9.9 pg/ml; TNF-␣ , ! 4.7 pg/ml) [20] . Single lab measures were obtained on a semiannual basis. For this particular study, the single time laboratory value that coincided closest with each subject's CT date was used for data analysis.
Computed Tomography
The nonenhanced CT studies were performed with an ESpeed electron beam scanner (GE-Imatron, South San Francisco, Calif., USA). Coronary arteries were imaged with rapid acquisition of approximately 30-40 contiguous images of 3 mm slice thickness without gap during mid-diastole using ECG triggering during a single 15-second breath hold. CAC was quantified using the scoring method previously described by Agatston et al. [21] . Calcium was considered present in a coronary artery when a density of 1 130 Hounsfield units was detected in 1 3 contiguous pixels ( 1 1 mm 2 ) overlying that coronary artery. CAC was computed from the product of the attenuation factor and the area of calcification (mm 2 ), with the total CAC of each coronary artery being equal to the sum CAC of all the lesions from that artery. The total calcium score was calculated by summing CAC from the left main, left anterior descending, left circumflex, and right coronary arteries.
Statistics
Mean 8 SD and proportions were used to summarize the characteristics of the study sample. Continuous variables were compared by ANOVA, and categorical variables were compared by Kruskal-Wallis nonparametric ANOVA. Conventional Student t test, and 2 test were used, as appropriate, to detect significant differences among groups defined as CAC 0, CAC 1-100, CAC 101-400, and CAC 400+. Kaplan-Meier survival curves were generated, and all outcomes other than death, including subjects who underwent kidney transplant, subjects lost to follow-up, subjects still alive at the end-point of outcome adjudication, i.e. 30 September 2007, were censored and compared with the log-rank test. Multivariate regression analysis and analysis of covariance were performed to obtain adjusted p values controlled for case-mix and other covariates. Case-mix covariates included age, gender, ethnicity, DM (yes/no), race (black versus other), dialysis vintage (number of months on MHD treatment), HMG-CoA reductase inhibitor use (yes/no), smoking, family history of premature cardiac disease, body mass index (BMI), and CBPB use. Laboratory covariates in fully adjusted multivariate models included IL-6, albumin concentrations, LDL-C, iPTH, and mineral metabolism measures including calcium, phosphorus, and Ca ! P. Hazard ratios (HRs) include 95% confidence intervals (CI). A p value less than 0.05 or a 95% CI that does not span 1.0 is considered statistically significant; p values between 0.05 and 0.20 are listed with two decimals for consideration of potential type II errors. HRs of death were calculated by means of stepwise Cox proportional hazard regression analysis to compare four groups defined as CAC 0, CAC 1-100, CAC 101-400, and CAC 400+, adjusting for covariants that potentially contribute to mortality using the forward stepwise model to determine independent predictors for all-cause mortality. The effect of left main, left anterior descending, left circumflex and right coronary artery calcification on all-cause mortality was further determined by using stepwise Cox regression analysis. Descriptive and multivariate statistics were carried out using the statistical software SAS, version 9.13 (SAS Institute Inc., Cary, N.C., USA).
Results
Table 1 summarizes the baseline characteristics of the subjects. Of the 166 subjects, the mean age 8 SD was 53 8 13 years, the majority were male (59%), diabetic (51%), and hypertensive (74%). A large proportion of the subjects were Hispanic (39%), Black (43%), had a family history of premature heart disease (25%), smokers (22%), and on statin therapy (34%). The majority of patients at the time of CT scan had been on dialysis for 1 2 years (64%). Table 2 summarizes the characteristics of the subjects differentiated into the four defined groups of CAC 0, CAC 1-100, CAC 101-400, and CAC 400+. There was a significant difference among age (p = 0.0001), gender (p = 0.03), DM (p = 0.0001), Charlson Comorbidity Index (p = 0.0001), and intact parathyroid hormone (iPTH, p = 0.01). There notably was no statistically significant (p 1 0.05) difference among vintage time, BMI, serum albumin, statin therapy, hypertension status, family history of heart disease, calcium phosphate product, inflammatory markers, and use of CBPB among the four groups. There was a trend towards increased age, greater proportion of diabetics, increased use of CBPB, and higher Charlson Comorbidity Index as CAC increased across the four groups.
At the end of follow-up there were 50 deaths among the 166 participants including 30 deaths in the CAC 400+ group and 2 deaths among the CAC 0 group. Subjects with no evidence of CAC had higher event-free survival rates (88.9%) vs. CAC 400+ (58.3%). Baseline CAC scores was a significant predictor of all-cause mortality as shown in figure 1 . Using stepwise Cox proportional hazard regression analysis with adjustment for case-mix variables, mineral metabolism including albumin, iPTH and Ca ! P, Kt/V, LDL, and inflammatory marker IL-6, the HR of death across the three groups was 2.9 (CI 0.9-21.9, p = 0.1), 8.5 (CI 1.1-48.1, p = 0.02), and 13.3 (CI 1.3-65.1, p = 0.01) for CAC 1-100, CAC 101-400, and CAC 400+, respectively, when compared to CAC 0 ( table 3 ). The HR of death when comparing the presence (vs. absence) of total and individual coronary artery calcification (all coronaries, left main, left anterior descending, left circumflex, and right coronary artery) was 6.7 (CI 1.1-21.5, p = 0.03), 4.6 (CI 2.2-9.8, p = 0.001), 4.3 (CI 2.1-14.2, p = 0.001), 2.3 (CI 1.1-8.7, p = 0.03), and 1.9 (CI 1.3-4.6, p = 0.04), respectively, after adjusting for the same covariates ( table 4 ).
Discussion
Evidence indicates that general vascular calcification serves as a marker of increased cardiovascular and noncardiovascular complications, but to our knowledge only two previous studies address mortality risk among MHD subjects undergoing nonenhanced CT for CAC assessment. Matsuoka et al. [13] showed that CAC scores were an independent predictor of death in 104 MHD patients. In the said study CAC was adjusted for age, sex, vintage time, DM, hypertension, albumin, and dyslipidemia [13] . In a follow-up study of the Renagel in New Dialysis (RIND) trial, Block et al. [14] demonstrated, in 127 subjects randomized to sevelamer or a CBPB, that a baseline CAC 400+ was significantly associated with increased mortality (HR = 4.5, p = 0.016, CI 1.3-15.1). The study controlled for age, race, gender, and DM. Our current larger study supports the previous trials and further contributes by additionally controlling for other key cofactors and nontraditional risk factors such as iPTH levels, inflammatory cytokines, and mineral metabolism. This becomes particularly important because serum elevated calcium, phosphorus, Ca ! P, and secondary hyperparathyroidism are common complications of chronic kidney disease that, when untreated, may contribute to increased morbidity and mortality [7, 22] . Other risk factors known to contribute to increased mortality, including age, diabetes, smoking status [23] and vintage time were all adjusted for in this analysis. Our study shows elevated CAC scores are a significant independent predictor of all-cause mortality among MHD patients even after extensive adjustment for both these traditional and nontraditional risk factors. The CAC 400+ group showed a tendency towards increased age, large proportion of males, increase use of CBPB, and greater prevalence of DM, but the significant prediction for all-cause mortality persisted and was even a stronger predictor of death after adjustment for these factors and other covariates. When comparing across adjusted groups, HR increased dramatically from 2.9 (CI 0.9-21.9, p = 0.1) in the CAC 1-100 group to 13.3 (CI 1.3-65.1, p = 0.01) in the CAC 400+ group. Also noted, HR increased from 6.3 (CI 1.5-26.5, p = 0.006) to 13.3 (CI 1.3-65.1, p = 0.01) in the CAC 400+ group with each model. This suggests CAC is in itself an overwhelmingly important determinant of the increased mortality.
In the general population, therapies targeting CRP are proving to be effective at reducing cardiovascular events as demonstrated by the Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin (JUPITER) trial [24] . Inflammation may prove to play an important role in predicting the increased prevalence of cardiovascular disease and mortality in chronic kidney disease patients [25] . In our study high-sensitivity C-reactive protein levels were not significantly different among the CAC groups. The addition of CRP to the models did not have any significant effect.
Our study uniquely demonstrated that the presence of CAC in major epicardial coronary arteries may also play a role in influencing mortality. Presence of CAC in the left main followed by LAD are strong independent predictors of mortality even after adjusting for multiple variables, although total CAC still served as the strongest predictor ( table 4 ) .
A strength of the study was that specific markers of inflammation and nutritional status were extensively characterized and subjects were randomly selected without any prior knowledge of CAC scores or risk factors. The average vintage time for the 166 patients was 3.58 years from start of dialysis to CT date. Earlier dates could have served to further strengthen the notion that early elevated CAC scores predict increased mortality, but this does not negate the notion that an increased CAC score entails greater risk.
In conclusion, total CAC scores and vessel-specific coronary artery calcium scores were independent and incremental predictors of all-cause mortality. CAC scores of 100+ were a strong predictor of mortality. Coronary artery calcium scores may have a role in monitoring and predicting survival in the MHD population. This potentially may be used to help delineate those in need of more aggressive therapy and risk management by such means as phosphate binder choice, calcium-phosphate control, lipid lowering medications, and diligent monitoring. Maintaining a lower CAC burden may have positive implications on the patient's mortality in this particular population. 
